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umans are social animals. They constantly interact with
conspecifics and survive by forming large social groups (1,
2). Although how they may do so is a matter of debate, it is instructive that two distinct construals of the self and social relations, called independent and interdependent, are common
across cultures and considered instrumental in both forming
social relations and anchoring agency in these relations (3, 4).
The independent construal of the self involves a focus on selfinterest. As Adam Smith (1776) argued more than two centuries
ago, this pursuit of self-interest can result in mutually satisfying
social relations (5). In contrast, interdependent construal of the
self involves a commitment to duties and obligations, in addition
to attendant feelings of sympathy and comradeship (3). Thus,
interdependent people are closely attuned to various otherrelated cues in the environment and prepared to act on behalf
of the others so as to meet their expectations and to abide by
norms of reciprocity with them. Further, they may also temper
and temporarily suspend their self-interest.
The formation of social relations through interdependence has
long been acknowledged. For example, as early as in 1871,
Darwin posited that prosocial tendencies were essential building
blocks of sociality (6). It might come as surprising that in modern
elaborations of Darwin’s principles in psychology, biology, and
economics, scholars often assume that the altruistic orientations
are unlikely to persist in a population because those who take
altruistic orientations would be exploited and outreproduced
by nonaltruists (7). These claims notwithstanding, there has now
emerged an increasing recognition that the prosocial, interdependent orientation may prosper (8) as long as strong social
norms are established in a local community such that the pursuit
of self-interest is strongly punished (9). Moreover, social norms
www.pnas.org/cgi/doi/10.1073/pnas.1704831114

that value reciprocity or communal sharing of favors may often
be internalized. We may therefore expect that the interdependent construal of the self may thrive in a community in which
each member’s self-interest is chronically suspended or reduced.
Moreover, once the interdependent, prosocial behavioral tendencies toward duties and obligations are established, they are likely
to further decrease the propensity toward personal goal pursuit.
Here, we build on this line of thinking and examine whether
the volume of certain cortical regions linked to personal goal
pursuit would be inversely associated with an interdependent
construal of the self. We hypothesize that interdependent social
relations occur when individuals in the relations are closely
attuned to others’ needs or desires, and social norms for reciprocity and sharing while automatically tempering their personal
goals and priorities. One of our key target areas was the one
involved in the processing of goals and desires of the self (e.g.,
the orbitofrontal cortex, OFC) (10–12).
Regulating Self-Interest
Interdependent relations that are anchored in the sense of duty
and obligation can be sustained when there is a strong assurance
that individuals in the relations do not act selfishly and, thus, do
not exploit those who act in a more prosocial fashion. Norms
against selfish behaviors are often instrumental in sustaining this
expectation and assurance (13). A recent study shows that under
such conditions, there could emerge spontaneous psychological
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Interdependent self-construal refers to a view of the self as embedded in relationships with others. Prior work suggests that this
construal is linked to a strong value placed on social obligations and
duties. Interdependent people are therefore cognitively attuned to
others and various social events in their surroundings while downregulating their personal goals. In the present work, we examined
whether structural properties of the brain predict interdependent
self-construal. We performed a structural magnetic resonance imaging on 135 Japanese young adults while assessing (i) independent
and interdependent self-construals and (ii) the degree to which individuals form vivid images of external objects (object imagery). The
cortical volume of the orbitofrontal cortex (OFC) (a core cortical region
responsible for value-based decisionmaking and, thus, inherently involved in personal goals and desires) inversely predicted interdependent self-construal. Further analysis found that the highest level of
interdependent self-construal is achieved when those who are relatively low in the OFC volume are simultaneously high in object imagery, consistent with previous evidence that interdependence, as
realized via obligation and duty, requires both the reduced selfinterest and vigilant cognitive attunement to environmental context.

propensities to act in accordance with the other-centric or prosocial norms favoring obligations and duties to others over
pursuit of personal goals. Young American adults with either
European or Asian ancestry performed a simple cognitive task
as fast and as accurately as they could to earn points for either
themselves or their best friends (14). The researchers examined
the magnitude of error-related negativity (ERN), an eventrelated potential component that is contingent on errors made
on the cognitive task, interpreted as an index of motivational
engagement. The key index was the relative size of the ERN in
the self condition versus the ERN in the friend condition,
termed the self-centric effect. As may be expected, the amplitude of the ERN in the self (versus friend) condition was
negatively associated with interdependent self-construal.
Moreover, this association between the prosocial tendency, as
indexed by a smaller self-centric effect, and interdependent
self-construal explained an overall cultural difference. Compared with those European backgrounds, those with Asian
backgrounds were relatively more interdependent, which in
turn explained their prosocial propensity toward their best
friends (vs. the self).
To the extent that relatively weak motivational engagement to
the pursuit for personal desires and goals is an important element of interdependent self-construal, one may expect cortical
regions implicated in the desires and goals of the personal self to
be closely linked to this individual difference variable. One region that is particularly important is the OFC. Previous animal
work shows that OFC lesions result in difficulties associating
reward values to various contextual cues (10). Among humans,
individuals with OFC lesions have difficulty in reversing instrumental conditioning or sustaining an internally consistent set
of personal preferences (10). Further, OFC is closely implicated
in the calculation of rewards and punishments associated with
any given action of the self (15) and, thus, is likely critical in
navigating the self in the social world (16). We thus hypothesize
that one prominent function of the OFC is to promote the
identification and maintenance of goals and desires or, more
generally, self-interest (11, 12). Conversely, lowering of this OFC
function, as characterized by the decreased regional gray matter
volume, may be linked to interdependence that is realized through
obligation, duty, and attendant inhibition of self-interest. Further,
people committed to this form of interdependence may be expected to constantly down-regulate their self-interest.
The last decade of research on neuroplasticity shows that the
gray matter volume of relevant cortical regions can change systematically as a function of spatial navigation (17), and long-term
practice in a spatio-motor coordination task such as juggling
(18), games such as chess and GO (19), and musical instruments
(20). Further support for the hypothesis that social relations
can modulate structural properties of the brain comes from a
systematic relationship between social network size and the
volume of the amygdala and certain paralimbic regions (21). To
the extent that interdependence entails less active recruitment
of OFC functions, there may result a reduction of the
OFC volume.
Wang et al. recently examined Chinese young adults and
tested whether independent and interdependent self-construals
would predict the cortical volume in different brain regions (22).
The researchers used a difference score between interdependent
and independent self-construal and, yet, they evidently found
that much of the effect of this difference score was due to interdependent self-construal. One key finding was that interdependent self-construal inversely predicts the volume in the ventral
medial prefrontal cortex (vmPFC). Because part of vmPFC
overlaps with OFC, this finding can be seen as supportive of our
prediction on the OFC volume. Nevertheless, there is one important caveat. The finding does not appear to have survived a
stringent statistical threshold [i.e., family-wise error (FWE)
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correction at the voxel level] that takes into account the inflation
of type I errors in the voxel-based brain imaging data. If nothing
else, careful replication is called for.
Vivid Representations of Others in Social Context
Although we have so far predicted a broad association between
reduced OFC volume and interdependent self-construal, this
association may be moderated by cognitive attunement to pertinent aspects of the external environment. This modulation may
be expected because the reduced self-interest (as reflected in the
reduced OFC volume) may be necessary, but not sufficient to
yield high levels of interdependence. For example, those with
reduced levels of self-interest might be apathetic and lack interest in the external environment. These individuals will be
neither independent nor interdependent. We therefore hypothesize that for these individuals to achieve high levels of interdependence, they will have to exhibit an astute interest in the
external environment that includes both other individuals and
various social events. Only when they are perceptively vigilant of
such external contingencies will they feel compelled to adjust
their actions to them, thereby fostering a strong tendency toward
interdependent self-construal.
Previous cross-cultural work shows that compared with
European Americans, Asians are not only more interdependent
(or less independent), but also more holistic in cognitive style (23).
Thus, Asians attend more broadly to various objects that are in the
surrounding in addition to a focal object. Indeed, some more recent studies with neuroscience methods have shown that interdependence is associated systematically with holistic attention
(24). Although holistic attention could be part of the astute cognitive attunement or vigilance to external environment, it is not
clear whether it fully captures the cognitive attunement to external
environment, insofar as holistic attention may result from a greater
propensity to be distracted by various stimuli existing in the environment. To better capture the perceptual and cognitive vigilance,
or attunement, to the environment, we used a well-validated scale
of the vividness of object imagery—one of three subscales of the
Object-Spatial Imagery and Verbal Questionnaire (OSIVQ) (25).
The OSIVQ distinguishes among three cognitive styles: object
imagery, spatial imagery, and linguistic. Among these cognitive
styles, the object imagery cognitive style refers to the degree to
which individuals form vivid images of various objects in the environment. Sample items include, “My images are very colorful
and bright,” “My images are very vivid and photographic,” and
“When I imagine the face of a friend, I have a perfectly clear and
bright image.” We anticipated that the link between interdependence and the reduced OFC volume would be moderated by the
cognitive attunement to external environment and, thus, by the
object imagery subscale of the OSIVQ. Specifically, this link would
be stronger for those higher in the object imagery than those lower
on this count.
To test these predictions, we performed a structural magnetic
resonance imaging on 135 Japanese young adults while assessing
(i) independent and interdependent self-construals and (ii) the
degree to which individuals form vivid images of external objects
(object imagery).
Results
Questionnaire Data. Table S1 presents descriptive statistics of

demographics, self-report measures, and the zero-order correlations among the measures. There were significant gender differences in interdependent self-construal [t (133) = −2.77, P =
0.007], object imagery cognitive style [t (133) = −2.47, P = 0.015],
verbal cognitive style [t (133) = 3.52, P < 0.001] and age
[t (133) = −2.04, P = 0.043]. Compared with women, men were
less interdependent, lower in object imagery, and higher in verbal
cognitive style. Also in this sample, men were somewhat younger
than women.
Kitayama et al.

when we used a lenient voxel-level statistical threshold (P < 0.001,
uncorrected). Nor did we find any regions showing increased or
decreased GM volume associated with object imagery. This null
finding also remained unchanged when the lenient statistical
threshold was adapted.
Next, to determine whether the present OFC findings were
regionally specific, we performed a separate analysis including
total brain volume (TBV) as a covariate. Here, we confined our
analysis to regions of interest while using a small volume correction procedure to guard against the inflation of type I errors
caused by multiple comparisons (FWE-corrected, P < 0.05). To
this end, we used anatomical masks of bilateral middle OFC
created with Automated Anatomical Labeling (AAL) atlas (32)
implemented in the WFU PickAtlas (Wake Forest University)
(33). This analysis showed that the results for the left and right
OFC remained significant [left OFC: Montreal Neurological
Institute (MNI) coordinates −27, 42, −14, Z value = 3.53; right
OFC: MNI coordinates 32, 42, −12, Z value = 3.31], indicating
that the present OFC findings are regionally specific, and cannot
be explained by whole-brain volume differences across subjects.
Following the analysis including TBV as a covariate, we also
performed a separate analysis including age, sex, and TBV as
covariates of interest. The association between interdependent
self-construal and the left OFC GM volume remained significant
(MNI coordinates −27, 42, −14, Z value = 3.13) after small
volume correction although the corresponding correlation for
the right OFC GM volume was no longer significant. This finding
indicates that the main findings of this study cannot simply be
explained by variations in age and sex.
Moderation by Object Imagery. Although the VBM analysis failed
to detect any significant correlation between object score and
regional GM volume, our hypothesis implies that object imagery
would interact with OFC volume to predict interdependent selfconstrual. To test this possibility, we extracted the normalized
voxel values of significant clusters in the bilateral OFC and
performed a moderation analysis. Data were analyzed with the
SPSS macro PROCESS (34). This analysis revealed significant
main effects for the left OFC volume (B = −5.11, t = −4.06, P <
0.001, 95% CI = [−7.60, −2.62]) and for the object imagery score
(B = 0.22, t = 2.54, P = 0.01, 95% CI = [0.05, 0.39]). As predicted, it also showed a significant two-way interaction between
the left OFC volume and the object imagery score (B = −5.71,
t = −2.81, P = 0.006, 95%, CI = [−9.73, −1.70]), and regression
model was significant [R2 = 0.22, F (3, 131) = 12.02, P < 0.0001].
Specifically, left OFC volume was associated with higher interdependent self-construal for those with high object imagery
(1 SD above the mean, B = −8.74, t = −4.99, P < 0.0001, 95%
CI = [−12.20, −5.27], Fig. 2A), but not for those with low object
imagery (1 SD below the mean, B = −1.48, t = -0.80, P = 0.42,
95% CI = [-5.14, 2.18]). This pattern remained unchanged when
we entered age, sex, and TBV as covariates {B = −5.86, t = −2.81,

Fig. 1. A scatter plot showing relationship between interdependent self-construal and OFC volume. We found significant negative correlations between
interdependent self-construal (SC) and bilateral OFC volume (whole-brain FWE-corrected, P < 0.05).
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Voxel-Based Morphometry. We adopted the voxel-based morphometry (VBM), a fully automated, whole-brain, unbiased, MRIbased technique capable of detecting regionally specific differences in brain tissue composition (26). VBM algorithms typically
consist of the following steps: (i) segmentation of the structural
images into different brain tissues to yield a map of the voxelwise
probability of gray matter for each individual; (ii) macroscopic
normalization of the individual gray matter images to a standard
brain template so that the gray matter maps from all individuals
can be superimposed; (iii) modulation, in which normalized gray
matter maps are scaled by the macroscopic transformations to
preserve local volumes; (iv) smoothing of the modulated images so
that each voxel contains information from its neighboring voxels;
and (v) voxel- or cluster-based spatial statistics across brains at
every voxel (27). The VBM has been widely used (28), and its
cortical volume estimates are highly correlated with cortical
thickness calculated manually from every structural cortical map
(29–31). We first performed a whole brain analysis using interdependent self-construal as the seed and identified brain regions whose volume is predicted by interdependent self-construal.
We applied FWE corrections for multiple comparisons, which
controls for the chance of any false positives (as in Bonferroni
methods) across the entire volume, along with a small volume
correction to reduce the number of comparisons being performed
and increase the chance of identifying significant results in particular regions of interest.
As shown in Table S2, we found negative correlations between
interdependent self-construal and the gray matter (GM) volume
in several brain regions. All these correlations were significant
after FWE corrections. As predicted, these regions included bilateral middle OFC. A sizable region (cluster size = 31) in the
left OFC was reliably linked to interdependent self-construal.
Although the region of the right OFC that was linked to it was
apparently small (cluster size = 4), this fact must be interpreted
while considering the fact that we used a stringent set of FWE
corrections. The specific OFC regions identified and the pertinent scatter plots are found in Fig. 1. Other areas that show
similar associations included right fusiform gyrus, left inferior
temporal gyrus, left lingual gyrus, and left postcentral gyrus.
When a more lenient statistical threshold was used as in a recent
study (22), a greater number of areas showed sizable correlations. However, the ones listed in Table S2 are the only ones that
survived our stringent statistical threshold. These areas showed
highly reliable decreases of the GM volume as a function of
interdependent self-construal. On an a priori reason alone, we
had no reason to expect these remaining regions to be linked
strongly to interdependent self-construal. It is therefore noteworthy that the right fusiform gyrus showed the most pronounced inverse correlation with interdependent self-construal.
Notably, we found no significant correlations, either positive or
negative, between independent self-construal and the GM volume
in any brain regions. This null result remained unchanged even

P = 0.006, 95% CI = [−9.98, −1.74], R2 = 0.22, F (6, 128) = 5.99,
P < 0.0001}. A similar pattern emerged when right OFC volume was used as an independent variable in regression analysis.
The results revealed significant main effects of the right OFC
volume (B = −4.47, t = −3.84, P < 0.001, 95% CI = [−6.78, −2.16])
and the object imagery score (B = 0.20, t = 2.21, P = 0.03, 95%
CI = [0.02, 0.37]). The results also revealed a significant two-way
interaction between the right OFC volume and the object imagery
score (B = −3.79, t = −2.22, P = 0.03, 95% CI = [−7.17, −0.41]),
and regression model was significant (R2 = 0.19, F (3, 131) = 9.95,
P < 0.0001). The right OFC volume predicted interdependent
self-construal for those with high object imagery (B = −6.88,
t = −4.36, P < 0.0001, 95% CI = [−10.00, −3.75]; Fig. 2B), but
not for those low in object imagery (B = −2.06, t = −1.28, P =
0.20, 95% CI = [−5.24, 1.11]). This pattern remained unchanged when we entered age, sex, and TBV as covariates
{B = −3.94, t = −2.24, P = 0.03, 95% CI = [−7.41, −0.46], R2 =
0.19, F (6, 128) = 4.98, P < 0.0001}.
Discussion
Our VBM findings provide evidence that the reduced GM volume of bilateral OFC predicts interdependent self-construal.
Importantly, this association was evident only among those relatively high in object imagery as assessed by a previously validated self-report scale. The finding is consistent with our hypothesis
that reduced self-interest (as indicated by the reduced GM volume
of the bilateral OFC) is conducive to interdependence especially for
those who are cognitively attuned to external environment and,
thus, represent this environment vividly.
The present findings illuminate the cognitive and neural correlates of an interdependent self-construal in three key ways.
First, the current evidence links interdependent self-construal to
individual variation in a core cortical region responsible for
value-based decisionmaking, the OFC. Future work must investigate the postulated link between the OFC GM volume and
the vigor with which self-interest is pursued. Further insight
could be gained by testing of focal lesion patients (12). Second,
the current results indicate that the ability to construct vivid
images of various objects in the environment is a “prerequisite”
for the close link between reduced OFC volume and interdependent self-construal. Thus, in the absence of this ability,
the reduced OFC volume may not support interdependent selfconstrual. Conversely, under such conditions, interdependent
self-construal may not foster active down-regulation of OFC
functions (e.g., personal goal pursuit and active decisionmaking).
These conjectures must be tested in future work. Third, the
present findings imply that people with interdependent selfconstrual may lower their self-interest automatically, rather
than effortfully overriding their tendency to act on the self-

interest. Our results did not reveal any association between the
interdependent self-construal and the GM volume in lateral
prefrontal cortex—a region that is linked to successful selfcontrol (35–37). The present results therefore take the hypothesis on interdependence a step further, indicating that lowering
of self-interest is realized by automatic dispositions to reduce
self-interest rather than by the active self-control (38).
Three additional aspects of our data are worthy of mention. First,
the right fusiform gyrus showed the most pronounced inverse correlation with interdependent self-construal. Although unexpected,
this correlation is consistent with prior work showing an inverse
relationship between attentional focus and interdependent (vs. independent) self-construal (23, 24). As part of the ventral visual
pathway, this region plays a significant role in developing object
representations. The formation of object representations supposedly involves attention that is selectively focused on relevant
objects. Second, no regions within the ventral visual pathway had
any systematic relationship with the tendency to form vivid images. Although null findings are difficult to interpret, the apparent independence of object imagery from the ventral visual
pathway might suggest that the salience of perceptual imagery
can be enhanced through cognitive attunement or vigilance, which
entails suppression of background noise so as to detect subtle cues
in the environment. Third, we found no region that was correlated
with independent self-construal. The particular scale of independent self-construal used in the present study might not have been
fully compatible with specific ways in which this cultural dimension
of independence is defined in Japan (39).
Although our analytic design involved the prediction of interdependent self-construal as a function of the cortical volume, our
data are correlational and do not justify any causal inference. It is
possible that the reduced OFC GM volume causally fosters interdependent self-construal (especially for those high in visual imagery). However, it is equally possible that interdependent selfconstrual motivates the individuals to decrease self-interest, resulting
in less use of functions related to personal goals and, as a consequence, less OFC volume. The host of findings demonstrating
plastic expansion of relevant cortical areas resulting from training
reviewed earlier suggests that this reverse causation must be tested
in future work involving interventions, longitudinal design, or both.
We should hasten to add that the linkage between brain and
culture is most likely to be not only reciprocal, but also recursive
and hierarchical (4, 40). One crucial consideration relates to a set
of reward contingencies that are embedded in cultural practices and
meanings that are organized by self-construal (41). We might assume that interdependent culture reinforces actions that promote
interdependence and, thus, foster the structural change of the brain
that supports such actions (i.e., interdependence → the reduction of
the OFC volume). It is precisely because of this cultural influence

Fig. 2. Interdependent self-construal (SC) as a function of OFC volume and object imagery: Whereas interdependent SC is inversely predicted by OFC volume
for those who are high in object imagery, no such relationship exists for those low in object imagery. The predicted regression values are plotted at 1 SD
above and below the mean.
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sense of equity. Indeed, behaviors motivated by such goals have
been shown to implicate OFC and adjacent regions (50, 51).
Future work should test whether the two forms of interdependence
might be coexistent among Chinese (as in the Wang et al. study),
whereas interdependence motivated by duty and obligation is far
more prominent in Japan (as in the current work).
Lastly, a comment is warranted on the assumption that increases in the volume of certain regions reflect improved functions
linked to these regions. An increasing number of training studies
reviewed earlier (18, 19) has provided convincing evidence for this
assumption. Nevertheless, little is known about mechanisms linking training (and the resulting expertise) to the brain volume.
Moreover, no consensus exists yet about what the increased brain
volume as revealed in VBM might represent both anatomically
and functionally (26). Given recent advancements in social genomics (52), it stands to reason that certain epigenetic pathways
are involved in regulating the cortical volume in response to
specific environmental demands that are realized in the cultural
reinforcement contingencies. Future work along this line may reveal the mechanisms linking culture to brain volume and then to
psychological functions in much greater detail.
Materials and Methods
Participants. One hundred and thirty-five right-handed Japanese volunteers
(65 females and 70 males; age range 20–39 y; mean age 26.4 y) with no history
of neurological or psychiatric disease were paid to participate in this study.
Given the paucity of previous work testing brain volume and self-construal, we
sought to at least double the typical sample size of available studies linking
brain volume to various individual difference measures (n = 50∼60). No participants were excluded from the analysis. The participants provided their
written informed consent in accordance with the Declaration of Helsinki. The
study protocol was approved by the Ethical Committee of Kyoto University.
Questionnaires.
Self-construal scale. We administered the 30-item Self-Construal Scale (53),
including items that measure the strength of independent (e.g., My personal
identity, independent of others, is very important to me) and interdependent self-construal (e.g., It is important for me to respect decisions made by
the group). Participants rated each item on a scale from 1 (strongly disagree)
to 7 (strongly agree). Internal consistency of the interdependence (α = 0.81)
and independence (α = 0.82) scales were adequate.
Cognitive style. We also administered the 45-item OSIVQ (25). The OSIVQ is a selfreport questionnaire consisting of three scales for object imagery (e.g., My images are very colorful and bright), spatial visualization (e.g., I can easily imagine
and mentally rotate 3D geometric figures), and verbal cognitive (e.g., My verbal
skills are excellent) styles during mental imagery measured by 15 items each.
Participants rated each item on a scale from 1 (strongly disagree) to 5 (strongly
agree). Internal consistencies of the object imagery (α = 0.86), spatial visualization (α = 0.74), and verbal cognitive (α = 0.52) scales were adequate.
Image Acquisition. The participants were scanned in a 3.0-Tesla Siemens
Magnetom Verio MRI scanner with a 12-channel head coil. A structural image
was acquired from all participants by using a T1-weighted magnetizationprepared rapid-acquisition gradient echo pulse sequence (repetition time =
2,250 ms, echo time = 3.51 ms, inversion time = 900 ms, flip angle = 9°, matrix
size = 256 × 256, slice thickness = 1 mm, and field of view = 256 mm).
Image Processing and Measurement. The MRI data were analyzed by using
VBM implemented in SPM12 (Wellcome Trust Centre for Neuroimaging),
where the preprocessing steps of segmentation, bias correction, and spatial
normalization are incorporated into a single generative model. The MRIs
were segmented into gray matter (GM), white matter (WM), and cerebrospinal
fluid (CSF) images by using SPM12 prior probability templates. The intensity
nonuniformity bias correction was applied to aid segmentation by correcting
for scanner-induced smooth intensity differences that varied in space. The GM
images were normalized to the templates in the standard space of the MNI by
using a set of nonlinear functions. A modulation step was also incorporated into
the preprocessing model. Notably, spatial normalization expands and contracts
some brain regions. The required modulation was performed by multiplying
the warped tissue probability maps by the Jacobian determinant of the warp on
a voxel-by-voxel basis, which represents the relative volume ratio before and
after warping. Thus, voxel intensities in the segmented GM map, together with
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that the resulting structural property of the brain may render the
culturally sanctioned actions more spontaneous and frequent (i.e.,
the reduction of the OFC volume → interdependence). This cyclical
process of mutual constitution (40) that is mediated by cultural
reinforcement (41) must be systematically tested in future work.
Prior cross-cultural research shows that compared with Japanese
(our current sample), Westerners tend to be more independent and
less interdependent (3, 42). Extrapolating from this literature, we
might anticipate that there would be a systematic cross-cultural
difference in the OFC GM volume. Chee et al. (43) addressed
this question by scanning both Caucasian Americans and Chinese
Singaporeans, both young (age range = 18–30 y) and old (age
range = 60–85 y). The researchers found a sizable cultural difference in the cortical thickness in both frontal and parietal areas
(including the orbitofrontal areas) in both hemispheres for young
subjects. As may be expected, the cortical thickness of all these
areas was significantly greater for Caucasian Americans than for
Chinese Singaporeans. The old adults showed a large reduction in
cortical thickness in nearly all areas of the brain, which eliminated
the cultural difference that was observed for the younger adults.
As noted earlier, Wang et al. (22) tested Chinese and found
that interdependent self-construal inversely predicts the GM
volume in vmPFC. The area Wang et al. identified was more
medial and somewhat more dorsal compared with the OFC we
found to be linked to interdependent self-construal. Keep in
mind that the Wang et al. evidence apparently did not surpass
the voxel-level FWE-corrected threshold. Although we found no
evidence for the association between any medial PFC regions
and interdependent self-construal when the FWE correction was
used, we did find small clusters in the bilateral vmPFC regions
(right vmPFC, MNI coordinates 11, 59, 8, Z value = 2.54, cluster
size = 38; left vmPFC, MNI coordinates −5, 59, −15, Z value =
2.36, cluster size = 8) that were inversely correlated with interdependent self-construal when we substantially loosened the
threshold (P < 0.01 uncorrected, without any correction at either
cluster or voxel level, controlling for age, sex, and TBV), consistent with the Wang et al. finding.
A possible rational behind the inverse association between
vmPFC and interdependent self-construal may come from prior
evidence that vmPFC is recruited in self-referential judgments that
involve the formation of a cognitive representation of the personal
self (44, 45). Because this cognitive representation may constitute an
important part of personal goal pursuit (46), interdependence may
be associated with relative down-regulation of the vmPFC function.
Evidence from both Wang et al.’s and our studies seems to suggest
that the predicted inverse association between the vmPFC volume
and interdependent self-construal is likely to exist, but may be
rather subtle and nuanced. It might be the case that the vmPFC
function of developing the sense of personal self is as central for
interdependent selves although interdependence often requires
an active inhibition of the representations that are developed.
Potentially more problematic is the fact that Wang et al. used
a rather lenient threshold and yet they failed to find any evidence
that the GM volume in OFC is linked to interdependent selfconstrual. We speculate that reduced OFC volume is linked to
increased interdependence in cultures where key components of
interdependence such as obligation and duty are pitted against
personal goals and preferences. Astute observers of Japanese
culture over the last half century (47-49) have consistently observed that in Japan, the social as represented by “giri” (duty and
obligation) and “Ninjō” (sympathy and compassion) is often
juxtaposed with the personal as represented by individual preferences and goals. Importantly, there is a strong normative
pressure to prioritize the former over the latter. It is possible that
this form of interdependence is not always strongly upheld even
within Asia. For example, it is conceivable that interdependence
is achieved through personal goals that are prosocial in nature
such as giving commodities to others for charity or to restore a

the size of the voxels, reflected regional volume and preserved the total GM
volume from before the warp. As a final preprocessing step, all normalized,
segmented, modulated images were smoothed with a 12-mm full-width halfmaximum Gaussian kernel.
Additionally, the global volumes of GM, WM, and CSF for each scan were
calculated. The volume of each tissue class was estimated as the total number
of voxels multiplied by the voxel size. TBV was calculated by summing the GM
and WM for each subject.
Statistical Analysis. The preprocessed GM data were analyzed in SPM12 within
the framework of the general linear model. To avoid possible edge effects
around the border between GM and WM and to include only relatively homogeneous voxels, all voxels with a GM value of <0.05 (of a maximum value of
1) were excluded. The threshold of significance was set at P < 0.05 at the voxel
level (corrected for multiple comparisons by using FWE correction), with a
significance of P < 0.05 at the cluster level (FWE-corrected). To avoid falsenegative errors, we also used a more lenient threshold (P < 0.001, uncorrected
at the voxel level, with corrections performed at the cluster level) to report the
results obtained from additional analyses when necessary. Nonstationary
cluster extent correction, which corrects for nonisotropic smoothness of VBM
data, was also applied (54). The peak voxels of clusters that exhibited reliable
effects are reported in MNI coordinates.
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